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Abstract 23
Although several studies have described age-specific pattern of breeding performance, 24 physiological and endocrine mechanisms underlying the variation in reproductive success in relation 25 to age, are poorly understood. We described baseline levels of 1) corticosterone, which can trigger nest 26 desertion when secreted at high levels, and 2) prolactin, a hormone known to trigger parental 27 behaviour in incubating known-aged (7 to 39 years old) wandering albatrosses (Diomedea exulans). In 28 this long-lived species, reproductive performance increases with age and breeding experience before it 29 stabilizes in middle-aged individuals and declines in senescent individuals. We found that breeding 30 experience was a much better statistical predictor of hormone levels than age. Baseline corticosterone 31 levels slightly increased with advancing experience and reached maximal levels about the sixth 32 breeding attempt. Similarly, prolactin levels were positively correlated with breeding experience in 33 males. No such relationship was found in females, but first-time breeding females had lower prolactin 34 levels than experienced females. This parallel increases in hormonal levels with advancing experience, 35 could result from improvements of skills, development of an endocrine system adapted to energetic 36 constraints of reproduction, or may mirror a higher investment in reproduction. Corticosterone levels 37 decreased in senescent birds but such a decline was not observed for prolactin. Low corticosterone 38 levels in senescent birds could be associated with a lower ability to secrete/sustain elevated
Introduction 44
The influence of age on survival and reproductive performance is crucial in animal 45 life-history because it affects individual reproductive strategies (Stearns, 1992; Roff, 1992) 46 and hence, the dynamics of populations. Variation in these life-history traits with age is well 47 Therefore, we predict that (1) baseline corticosterone levels should be higher in young and 120 older/senescent albatrosses than in middle-aged birds, whereas (2) baseline prolactin levels 121 should be lower in young and older/senescent albatrosses compared to middle-aged birds. 122
123

Methods 124
Study area and birds 125
Fieldwork was carried out between 3 January and 13 February 1999, and 1 January 126 and 25 February 2004 at Ile de la Possession, Crozet Archipelago, south-western Indian 127
Ocean (46°S, 52°E). The ongoing mark-recapture programme of wandering albatrosses at Ile 128 de la Possession has provided yearly information on the entire population of the island; 129 approximately 400 breeding pairs each year for the last 40 years (Weimerskirch et al., 2005) . 130
Banding of chicks prior to fledging has been carried out since 1965. We were thus able to 131 know the age and breeding experience (number of breeding attempts, i.e. 1 refers to the first 132 breeding attempt) of each wandering albatross breeding on the island. However, banding of 133 breeding birds of unknown age started in 1959. For these individuals banded as adults, we 134 used an estimated age calculated from the year of banding and adding 6 years; the minimum 135 age at first breeding (Weimerskirch et al., 1997) . Hence, age and breeding experience of these 136 birds are estimates. The sex of each bird was determined by body size and plumage 137 characteristics (Weimerskirch et al., 1989) . disturbance to nearby breeders during the blood sampling of an individual, only one bird was 158 sampled within a cluster. As blood samples were collected within three minutes of capture, 159 they were considered to reflect baseline levels of corticosterone (Wingfield et al., 1982; 160 Kitaysky et al., 1999; Lormée et al., 2003) . All samples were run in one assay and the intra 161 assay variation was 6.3%. Time of day for blood sampling (F 1,68 = 1.52, P = 0.23) did not 162 influence corticosterone levels. Because body weight is known to influence corticosterone and 163 prolactin levels (Cherel et al. 1988 (Cherel et al. , 1994 , a sub-sample of birds was weighed in 1999 to the 164 nearest 50 g using a Salter spring balance (Salter Weightronix Ltd, West Bromwich, UK) to 165 test for an effect of body weight on corticosterone levels (n = 16) and prolactin levels (n = 166 22 (Hector and Goldsmith, 1985) , whereas corticosterone does not (Hector 200 and Harvey, 1986). We verified these results with our data set by using generalized linear 201 models. We used one model selection per sex to explain prolactin levels, whereas we pooled 202 data from both sexes to analyse the effect of our explanatory variables on corticosterone 203 levels. We included all combinations of parameters in our models because we had no a priori 204 reason to exclude particular states of any parameter or combination of parameters. Moreover, 205
we used the same method to assess the influence of the baseline levels of corticosterone on 206 baseline levels of prolactin in each sex. We started therefore this last analysis from this 207 general model (Year, Date, baseline levels of corticosterone and interactions). To make our 208 tables easier to read, we represented only the five most parsimonious models and the model 209 without any explanatory variable (the "Intercept model") in each table, and we ranked these 210 models according to their AICc. Because body weight measurements were available only for 211 a sub-sample of albatrosses, we could not incorporate the "body weight" variable in our 212 model selection frameworks. We therefore tested for an effect of body weight on 1) 213 corticosterone levels by using an ANCOVA; 2) prolactin levels by using one linear regression 214 per sex because prolactin levels vary between sexes in albatrosses (Hector and Goldsmith 215 10
Results
218
Effect of body condition, sex, year and date of sampling on hormonal levels 219
There was no significant relationship between body weight and plasma corticosterone 220 or prolactin levels within both sexes (corticosterone, ANCOVA, F 2,13 = 0.02 P = 0.89; 221 prolactin, linear regressions, male: F 1,13 = 2.329, P = 0.15, female: F 1,5 = 0.657, P = 0.45). 222
Baseline corticosterone levels did not vary between sexes because the model including "Sex" 223 as a variable had a larger AICc than the "Intercept model" (∆AICc = 2.10). For prolactin, the 224 model including "Sex" as a variable had a much smaller AICc than the "Intercept" model 225 (∆AICc = 19.37), with prolactin levels being significantly higher in females than in males 226
( Fig. 2 a,b) . The information-theoretic approach identified two models with similar AICc as 227 the best approximating models to explain baseline levels of corticosterone (Table 1, 
19). 232
Similarly, two models with similar AICc were identified as the best approximating models to 233 explain baseline prolactin levels in both sexes (Table 2a, Table 1 , estimates of parameters). There was however 250 no effect of age on baseline levels of corticosterone because models including "Age" or 251 "Age²" variables had much larger AICc than the "Intercept model". 252
Both models identified as the best approximating models for baseline levels of 253 prolactin in males included "Experience" as a variable, demonstrating a strong influence of 254 breeding experience on baseline levels of prolactin in males (Table 2a, Table 2a , estimates of parameters). The 257 information-theoretic approach identified two models with similar AICc as the best 258 approximating models for baseline levels of prolactin in females, but none of these models 259 included "Experience" as a variable (Table 2b , Model 1 & 2, ∆AICc = 1.05). Plasma levels of 260 prolactin were therefore not explained by breeding experience in females (Fig 4b) . Prolactin 261 levels were however, lower in inexperienced females than in experienced individuals 262 (Kruskall-Wallis test, n = 36, P = 0.023, Fig. 4b ). Plasma levels of prolactin were not 263 explained by age in males and females. In both sexes, models including "Age" as a variable 264
were not selected as the best approximating models for baseline levels of prolactin. 265 corticosterone in both sexes. The information-theoretic approach identified models without 267 baseline levels of corticosterone as the best approximating models for baseline levels of 268 prolactin. 269 270
Discussion 271
Difference in hormonal levels between years, dates, and sex 272
In our study, we found no relationships between body weight and hormones levels. 273
Wandering albatrosses have a wide safety margin of energy reserves and are able to buffer the 274 costs of fasting for several weeks without neglecting their egg (Weimerskirch, 1995 (Weimerskirch, , 1999 ) 275 and without significant changes in corticosterone and prolactin levels (Hector and Goldsmith, 276 1985; Hector and Harvey, 1986) . Corticosterone levels were identical between males and 277 females (Hector & Harvey, 1986 ; this study), illustrating a similar shared breeding 278 expenditure between sexes in wandering albatrosses (Weimerskirch, 1995) . Prolactin levels 279 were higher in females than in males (Hector & Goldsmith, 1985 Prolactin can be seen either as a stimulator of parental behavior or as the result of parental 328 activity (review in Buntin 1996). Thus, the prolactin patterns we found might be explained 329 either by: (1) a direct influence of previous breeding experience on the ability to secrete 330 prolactin or (2) by the intrinsic quality of birds with higher prolactin which may be more 331 successful breeders and therefore breed more often. In most bird species, stimuli from nest, 332 egg or chick are necessary to maintain elevated prolactin secretion rates and prolactin levels 333 decrease dramatically within few hours when these stimuli are removed (El Halawani et al. Moreover, in the wandering albatrosses, successful breeders will systematically undergo a 340 whereas failed breeders will breed again in the following year (Tickell, 1968) . All these 342 features strongly suggest a direct influence of previous breeding experience on the ability to 343 secrete prolactin in the wandering albatross. Because elevated prolactin levels are an essential 344 component of reproduction (review in Buntin, 1996), the lower breeding success of 345 inexperienced albatrosses (Weimerskirch 1992 ) could result from a lower ability to secrete 346 prolactin. 347
The increase in baseline hormonal levels with advancing experience observed in 348 wandering albatrosses would suggest an increase in parental investment over the first six 349 breeding attempts (Forslund and Pärt, 1995 ; the "restraint" hypothesis, Curio, 1983) . corticosterone levels (Forslund and Pärt, 1995; the "constraint" hypothesis, Curio, 1983) . 360
To test these hypotheses, we need to explore the causes of these hormonal changes 361 occurring with advancing experience. The "constraint hypothesis" (Curio, 1983 ) would be 362 validated if inexperienced birds are unable to secrete a large quantity of hormones. 363
Alternatively, the "restraint hypothesis" (Curio, 1983) 
Hormonal levels among senescent birds 378
In our study, we found that corticosterone levels decreased in senescent breeders 379 which shows a striking parallel with the decrease in breeding performance (Weimerskirch, In our study, we did not observe the same decline in prolactin levels. Although we 395 cannot exclude that senescence may be accompanied by a deficit in prolactin ability to 396 stimulate parental care, the lack of a decline in prolactin levels among senescent birds may 397 suggest that their low breeding success does not result from poor quality care during 398 incubation. 399 400
Conclusion 401
We showed for the first time that baseline corticosterone and prolactin levels varied with 402 breeding experience in a long-lived species, the wandering albatross. Currently, no data exist 403 on the effects of age, experience and senescence on avian prolactin and corticosterone 404 secretion. Our results underline the need to describe baseline hormones levels and age in more 
